A theoretical interpretation of the transient sialic acid toxicity of a nanR mutant of Escherichia coli.
This article reports on experimental evidence that an Escherichia coli nanR mutant shows inhibited growth in N-acetylneuraminic acid. This effect is prevented when inocula are grown in an excess of glucose, but not in an excess of glycerol. The nanATEK operon is controlled by catabolite repression, suggesting that diminished expression of the nanATEK operon in the presence of glucose explains the inocula effects. Neither double nanR-nagC nor nanR dam mutants show growth inhibition in the presence of N-acetylneuraminic acid. A theoretical model of N-acetylneuraminic acid metabolism (i.e., in particular of the nanATEK and nagBACD operons) is presented; the model suggests an interpretation of this effect as being due to transient high accumulations of GlcNAc-6P in the cell. This accumulation would lead to suppression of central metabolic functions of the cell, thus causing inhibited growth. Based on the theoretical model and experimental data, it is hypothesised that the nanATEK operon is induced in a two-step mechanism. The first step is likely to be repressor displacement by N-acetylneuraminic acid. The second stage is hypothesised to involve Dam methylation to achieve full induction.